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SUMMARY

This report. which descnibes portions of the Vivitnhty Laboratory's Prosect OPAQUE effort, was prepared under
AFGL Contract F19628-78 C-0200. h contains a preseniation of 29 low sltitude scattering cosficient profiies and related
meteorniogical dats that were measured during the Winter and Summer sessoms of 1978 4t four different geographical
‘wations The measurements were conducted during an instrumented aircraft’s approsch and landing at four of the staging
hases assciated with the overall OPAQUE program. Johnson er a/  (1979)

The nephelometer measurements of 1otal volume scattering coeficrient which are presented in this report were made
wing a peeudn-photopic speciral response having 2 mean wavelength of $S7Tnm. and are thus suitable for companson with
44 associated with standard visual determmnations of arfield visiihty The temperature and dewpont temperature
measurements were made using an AN/ AMQ- 17 serograph and a Cambndge Model 137-C3 Awrcraflt Hygrometer System
Measur. ments of horzon and terrain luminances which were also made duning these aircraflt descents are not included n
this report  but are svaiable mn the Visimhiv Laboratory's basikc deta base should their subsequent anslyms hecome
tesireahle

The reported daia /Husirate that in twenty-six oul of twenty-mine cases. there was httle or no wgnificant vansuon in
‘e photopre scattering coefficient as one approaches the surface from an altitude of several hundred meters Thus
mondetling appreximations of low altitude haze properties besed upon near surface messurements arc in general appropnaic
10 the range of meteorological condiions extant duning these flights
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WINTER AND SUMMER MEASUREMENTS OF EUROPEAN
VERY LOW ALTITUDE VOLUME SCATTERING COEFFICIENTS

Richard W. jchknson

1. INTRODUCTION

In the increasingly sophisticated world of electro-
opucal detection, search, and guidance, the requirement
for establishing and predicting atmospheric influences on
system performance continues to develop as a primary
operational necessity. It s in support of this general con-
tex! that the Visibility Laboratory in cooperation with, and
under the sponsorship of the Air Force Geophysics
Laboratory has maintained an extensive program of air-
borne optical and meteorological measurements. In recent
vears this program has been conducted as an independent
but cooperative effort [Johnson eral. (1979)] in conjunc-
tion with the NATO program OPAQUE (Optical Atmos-
pheric Quantiies in Europe). Fenn (1978) During the
two year interval spanning the years 1977 and 1978, over
80 missions were flown documenting the vertical structure
of the visible spectrum total volume scattering coefficient
in the lower troposphere Since a thorough aware-ess of
this vertical structure v essential to the prediction of
atmospheric influences on contrast transmittance through
this regime. these data have been presented in a series of
techiica, «, .%». '“e most recenm of which is entitled “Air-
borne Measurements of Atmospheric Volume Scattering
Coefficients i Nosthern Furope, Summes 1978". Johnson
and Gordon (1980)

The optimum use of the experimental dJata
presented in reports such as Johnson and Gordon (1980)
i surely 1o estabhsh the baseline assessment of those opti-
cal charactersics most influencing slant path contrast
transmittance, and to develop from these assessments
reahistic predicive models  An mitial effort in this model
development. using both surface and profile data from the
OPAQUEF program s discussed in Johnson eral/ (1979
and the further apphication of these data to contrast
transmittance modelting s iltustrated by Herning (1981)

A necessaty but untortunate artifact of the data
presented in the report series referred to above. Johnson
and Gordon (1980) etc v that the measuremernts were
always ‘erminated st wome  sigmiticant aintude  above

ground level. A necessary condition imposed by the safety
of flight regulations which apply to a civil air space, and an
unfortunate condition due 10 the extreme seasitivity of
siant path contrast transmiitances to variations tn the near
surface haze conditions. Thus. even though the structure
of the atmospheric scattering coefticient profile has been
well documented within the altitude regime between 6 km
and about 1 km above ground level, the true character of
the near surface layer has been relatively undetermined.
Several methods of extrapolation from the lowest meas-
ured data value have been used to identify the most prob-
able values of scattering coefficient within this region, as
have intermittent instances of interpolation between air-
borne and surface measurements when both were avail-
able. Obviously, neither of these techniques addresses the
determination of the shape of the profile within the first
kilometer above the surface. Consequently. there exists 4
significant degree of unceriainty in how one should prop-
erly defi.e this altitude regime when attempting to calcu-
late or prodict its optical properties. This uncertainty is
particularly troublesome when one addresses operational
scenarios involving low flying systems whose mission
depends upon the adequate performance of its electro-
optical devices.

The data contained in this report are intended to
reduce, at least in part, the uncertainties in the structure
of the near surface scattering coefficient profile  These
data. identified in Table 1.1, represent measurements
made following each experimental data flight during the
instrumented aircraft’s approach and landing sequences.
Thus the measurements were made in the specific region
of interest, ie. beiween the approach pattern altitude of
approximately 1200 ft and the surface. and can be used
directly 10 identify the optical charactenistics of this tacti-
cally critical transition zone. The flights indicated 1in
Table 1.1 are all from the OPAQUE IV and V deploy-
ments, Johnson and Gordon 1979 and 1980. and thus
represent only a sub-set of the total available data base A
second report, currently in preparation, will present similar
data for the predominantly Spring and Fall time periods

—_—




Table 1.1, ight lentflcutin Pata

_— ’ - 1 ) v{ T l,andl;lu Tl}n—e f
LMrodmme Identification Tﬂl;m No | Fught Date J'“ _GMT)

;
+ + =
! Sugonella, Sicily 42| olken7s ’ 150001 |
VPN 14°SSE Iy [ 17Fbs | 13088
24m MSL | a4 | 1Feo7s | 140005 |
: ' |
' ! 460 02 Aug 78 l 154910 |
! Iowr oA | ame |
' ‘ 462 | 0SAug?8 | 132230 )
i %3 | 0TAugT8 | i3eny |
Wunstorf. Germany ‘ 45t ! 22 Mar 718 ! 144535 ‘
SC2N 09°25E 452 | BMaT8 | 160830
$7Tm MSL A4 BMarTs 0 14k
456 N Ma8 . 163702
4 14 Aug 8 153657
466 1S Aug 78 134180
. 468 2 Aug?8 1 10 !
. ey 2Aug T 160952
' 1 i
Mcemmingen. Germany 438 2 Feh® | 104356
ATON 10°13E 46 . NFen 152402
634m MSL 4 TEeh 78 . 134823
49 01 Mer7s 145643
a7 Nisep ™ 092006 |
AT 11Sep 8 163609 |
! |
Mildenhall. Engiand 443 P09 Mar 78 155711 |
$2°0™N D0*29F 44 IiMar T 162448
10m MSL s L IMar T8 102659
CMT S Mar 78 150413
s 17 Mar 78 144958
4 1S Sep 78 174646
4% 16Sep T8 153834
ey 18 Sep 78 152524

N 1 PR sl

Note  GMT nmes are indicated 1n Hours- Minutes-Seconds

2. PROCEDURES & INSTRUMENTATION

The general flight sequences conducted during the
OPAQUE measurement program have been reported in
several preceding reports as noted in hottom row entries
of Table 2.1. In these earlier reports, measurements of
atmospheric volume scattering coefficient and natural irra-

dinnce levels were presented for @ broad variety of geo-
graphical and seasonal conditions. The gencral locale for
these data missions s illustrated in Fig. 2-1 which has
been abstracted from Johnson eral. (1979). The aero-
dromes at which the approach data were measured are
indicated by the symbol, #.

The instrumentation used during these flight
episodes has been described adequately in the previously
referenced reports {Johnson and Gordon (1980), etc.} and
will not be further elaborated upon herein. Suffice it to
say that the entire instrument system was mounted on an
Air Force C-130 aircraft and included. but was not limited
to, the following listed items:

a. A muiti-channel, multi-spectral nephelometer for the
measurement of atmospheric total volume scattering
coefficient and directional scattering functions,

b.  multi-spectral scanning radiometers for the measure-
ment of sky and terrain radiances.

c.  a multi-spectral, two channel flat plate irradiometer
for the measurement of upwelling and downwelling
irradiance levels, and

d.  meteoroiogical transducers for the measurement of
ambient icmperature. dewpoint temperature and
atmospheric pressure.

A special measurement sequence was associated
with most flights discussed in these earlier reports, but its
resultant data were not included as part of the standard
flight package. nor included in those reports. These spe-
cialized data resulted from having the airborne optical,
meteoroiogical. and data logging instrumentation opera-
tional dunng the aircraft’s landing approach and touch-
down. Thus, since the aircraft was staging out of an
asirfield generally remote from the standard OPAQUE
flight tracks shown in Fig 2-1. two separate and indepen-
dent data sets were collecied during most missions  The

Table 2.1. Geographical and Seasonai [rstribution of
Low Altitude Scattering Coefficient Profites

A J lU. Al de Date S .
Acrodrome | ocstiony « - - .
tsee g 2 1) Spnng. 197 Fall. 1978 Summer 197 & 1978 Winier 1978 Tovabs
. “+ . . .-
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Lonent Frence n 4 i o -
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. . . . -
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arst was the rather extensive multi speciral set of riegs
uremen's made along the indicared tra ks ~eoween A gy

KOMEtEr (o itute 27 TRe secend aas the anggller
more selective s€1 made o' the iind STaging PMase rweer
anout G0 und 00 Klomeses Thie sevond set of measure
ments made only n the photapic pectral band oy om
nativ referred 't as the APPROIACH latg

There were .everar speual consideribons e
Juring 'he wollection of "he APPROACH measurcmen's
wh (h hstinguish "hes a4 ‘rom ‘e jarger e ow
oushy reported  Inogeaory ey were s Toniowe

Measursments wete made 1n on'yv one spectral hand
During the APPROACH descent from approvimaltely
12000t AGT 0 -he surface. the stroctural character
ot othe saattenng coeffiient protile was the datum
most desited  Thus thie imtegrating nephelometer
Was pPre-set (G make conunuous Measurements of the
photopic 1A« “S7nam1 totdl saattenng coeffoent
throughcut the descent By oot switching optial
filters gl measurements wers accompaished with the
aptimum spahial resolution

. Measuiements were made with pre-set stalic optical
configurstions  This consideration was also imposed




10 eliminate urnecessary time shanng sequences and
thus opuimize the detection of profile vanauons dur-
ing the relauvely short descent episodes. Thus the
nephelometer was pre-sel to measure total scattering
coefficient only without cycling through the direc-
tional  channels, the scanmng radiometers were
pre-set to stare at the sky and terrain directly ahead
of the aircraft, approximately $° above and 5° below
the local honzon, and the dua! channel irradiometer
was pre-set to measure total downwelling irradiance
throughout the desceni

‘s

Data logging began shortly before the initiatton of
the arrcraft’s final descent for tanding and continued
throughout the descent and actual wrcraft touchdown
on the runway  Some ediing has been required (o
climinate spurinus pre-descent and post-landing data
which were adversely influenced by abnormal aircraft
attitudes during mittial hne up and prop reversal
influences duning roll-out

Post deployment data processing of these data has
been handled 1n 4 manner similar (o that described in
Johnson and Gordon (1979)  Calibration data for each
deplovment set s the same as was used for the parent data
sets as referenced in each of the Related Data Report
entries of Table 21 Readers are reterred 10 these more
detatled reports for supplementary background informa-
tion where required

3. WEATHER SUMMARY

The weather conditons existing during each of the
flight cpisodes from which the APPROACH profiles have
been extracted are discussed n detairl in Johnson and Gor-
don 1979 and 1980 These parent reports include data
trom Jdai!s surface and SO0 millibar charts, surface obser-
vations,  piot reports,  vertical  cross  sections  and
radhiosonde luunches  The hulk of these dala were pro-
vded myothe LS Arr baorce Favironmental Technical
Apphcatnms Center (USAF/ETACY) at Scott Air Force
Hiase. and the National Oceanographic and Atmospheric
Administration vig the National Chmatic Center in Ashe-
ville. Narth Caroling

Comparisons between the C-130 and RAOB air-
horne measarements of temperature, dewpoint tempera-
rure. and the derved values of retanve humidity for each
gt the  winter  and summer ﬂlghh preceding  these
APPROACH ¢pisodes have been made in the parent
reparts reterenced  dbove  However, several additiona)
Comparisens gre summanzed herein which relate more
directhy to the actaal landimg arcumstances

Measured values of temperature (1), dewpoint tem-
peratute Wdp) and stmosphenc pressure (p) that were
recorded 0 the exact moment of landing touchdown have
heen compared with the eguivalent values reported by the
host actodrome tor cighteen of the fights reported in Sec-

tion 4  These flights were nose 1ot wtuct S fhye
dvnamics data perme red a4 etk anG ot
determination of hic oxadt nstant ! danadag Ir
fughts for which the tanding Lme was Tor ars =asor - -
specific were not included 10 the comparnsor coer o Reg?
their data might in fact be suwitable i sil other espe
These comparisons are listed in Table 1 Inoat Canes ot
differences, Ar. Adp and Ap represent the acr witam
measuremen! mnus the C-130 measuremen:

The data summanzed in Table 30 noos g
airborne and aerodrome MedsufemMenis wel . o 0
age 1n reasonable agreemen:  The temperatiare 1 1
cate 4 systematic difference of gbout 0 € neweer e
C-130 and aerodrome  medsuremenis
dewpoint and pressure measurements ndic s e s ar
systematic offset

AINL SR i

Table 3.1 omparnon of Acrate me &1 0 (ral, DA
IMessuremen - Lk Lan !y
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2 AP & 3p reflect et € gt negas e s
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Since the staging aerodromes tor most f heg
fights were generally remote trom the primarn dats (oacks
selected supplemental weather data related speciheat v o
the APPROACH site have been inctuded herear Snor
summanes of the metcorological observations taken ¢ '
staging gqerodrome. a1 or near the rme o landing v
presented in Table 32 A glossary of the most ofter et
ssmbols s included in Appendiv A 1o the reader s oon
venience AN diata were reported i Grreenwich € 1o
(GCT). which s equinaglent to Greenwih Mean T me
(GMT), the terminoiogy used in Table 32
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